The oregano, Origanum onites L. essential oil (EO) was tested in laboratory behavioral bioassays for repellent activity against Amblyomma americanum (L.) and Aedes aegypti (L.). The O. onites EO was characterized using GC-FID and GC-MS. Carvacrol (75.70 %), linalool (9.0 %), pcymene (4.33 %) and thymol (1.9%) were the most abundant compounds. At a concentration of 0.413 mg oil/cm 2 of filter paper, O. onites EO repelled 100% of the ticks tested, and at 0.103 mg oil/cm 2 of filter paper, 66.7% of the ticks were repelled. At 0.075 mg oil/cm 2 filter paper, thymol repelled 66.7% of the ticks compared to 28.7% by carvacrol at that same concentration. Against
The analysis results are expressed as mean percentage ± standard deviation (SD) (n= 3) as listed in Table S1 .
Identification of the EO components was carried out by comparison of their relative retention times with those of authentic samples or by comparison of their relative retention index (RRI) to a series of n-alkanes. Computer matching against commercial (Wiley GC-MS Library, MassFinder 3 Library) (McLafferty and Stauffer 1999; Koenig et al. 2004) , and in-house "Başer Library of EO Constituents" built up by genuine compounds and components of known oils as well as MS literature data (Joulain and Koenig 1998; ESO 2000 ESO , 1999 was used for the identification.
Isolation of (-)-linalool
O. onites EO (110 mg) was subjected to High Performance Flash Chromatography (HPFC) using a Biotage Inc. Horizon pump (Charlottesville, VA) instrument with a 12 M silica column (flow rate: 5.0 mL/min) and eluted with hexanes (100%) and hexanes-Et 2 O mixtures (up to 10%). (c 1.00 g/100 mL, CHCl 3 ).
Ticks
Nymphal Am. americanum were obtained from colonies at Oklahoma State University and the Knipling-Bushland U. S. Livestock Insects Laboratory. The ticks were held at 23-24 C, 97% RH, and a photoperiod of 16:8 h (L:D). The Am. americanum nymphs were tested 1-6 mo after molting.
Host-seeking ticks of many species climb when they encounter a vertical surface. This behavioral tendency was exploited to expose nymphs of Am. americanum to repellent treatments. filter paper marked with a pencil into three zones (two 1 × 4 cm zones at the far ends and a central 4 × 5 cm zone). Using a pipettor, 165 µL of test solution (solvent ethanol) was applied evenly to both sides of the central zone of the filter paper. After the filter paper dried for 10-15 min, the filter paper was suspended from a bulldog clip hung from a slender horizontal dowel held by an Aptex No. 10 double clip work holder (Aptex, Bethel, CT). A Petri dish (9 cm diameter) glued in the center of a 15 cm Petri dish created a circular moat when water was added between the dishes' walls (1.5 cm high). The moated Petri dishes were centered directly below the vertically suspended filter paper strip. When Am. americanum nymphs climbed to the rim of an open storage vial centered in a second set of moated petri dishes, the bulldog clip holding the filter paper strip was removed from the dowel and positioned so that ticks could transfer from the vial to the lower untreated zone of the filter paper. As soon as the tenth tick had climbed onto the filter paper, the paper was reaffixed to the work holder. The locations of the ticks were recorded at 1, 3, 5, 10, and 15 min after the tenth tick successfully grasped hold of the lower untreated zone of the filter paper. Ticks were considered repelled if they were in the lower untreated zone at 15 min after the tenth tick had crawled onto the filter paper or if they dropped from the filter paper without having crossed the upper boundary of the treated zone.
O. onites EO and four major constituent compounds (carvacrol, thymol, p-cymene, (-)-linalool) were evaluated for repellent activity with the vertical filter paper bioassay. An ethanol or acetone control was tested against 10 Am. americanum nymphs each day that the oil or a compound was tested. Ticks were tested in replicates of ten ticks per combination of concentration of the oil or compound. Twelve groups of nymphs were tested at 0 (ethanol control) mg compound/cm 2 filter paper, and 5, 3, 2, 3, and 3 groups were tested at 0.827, 0.413, 0.206, 0.103, and 0.052 mg oil/cm 2 filter paper, respectively. For thymol 4, 3, and 3 groups were tested at 0.30, 0.15, and 0.075 mg compound/cm 2 filter paper, respectively. For carvacrol 3 groups at 0.075 mg compound/cm 2 filter paper, and for p-cymene 3 groups were tested at 0.827 mg compound/cm 2 filter paper. An acetone solution (-)-linalool was tested on three dates at 0.413 mg compound/cm 2 filter paper along with an acetone control. Four groups of ticks were tested against DEET (0.827, 0.413, 0.106, and 0.103 mg compound/cm 2 filter paper) were tested against 2, 3, 2, and 3 groups of ticks. We analyzed the proportion of repelled ticks in a generalized linear mixed models framework using the lme4 R package (Bates et al. 2011) , where date of trial was a blocking factor. As there was still evidence of over-dispersion, we redid the analysis, also included a random effect for each test of 10 ticks. The fixed effect was the compound-concentration combination. Means separation was done using the multcomp R package (Hothorn et al. 2008) . We did two sets of a posteriori comparisons, O. onites EO at various concentrations to the ethyl alcohol and DEET controls, and a second set comparing constituents of O. onites to each other, and to the DEET and ethyl alcohol controls.
Concentrations where 100% of the ticks were repelled were not included in the analysis (there is zero variance for these trials, so confidence intervals cannot be constructed). Linalool was tested separately against an acetone control.
Mosquitoes
Pupae of Ae. aegypti (Orlando, 1952) from the Gainesville (CMAVE) colony were maintained in the laboratory at 28 ± 1 C and 30-60% RH, and the resulting adults aged 5-9 d were used for repellent testing. Each sample was tested by application of a suitable amount to cloth to produce successive serials dilution of 1.500, 0.750, 0.375, 0.094, 0.047, 0.023, and 0.011 mg/cm 2 . Each concentration was tested to determine the point where the repellent failed for each of the volunteers in the study; this concentration was averaged and reported. The test was conducted by having each volunteer affix the treated cloth onto a plastic sleeve to cover a 32 cm 2 window previously cut into the sleeve. Each of the volunteers wore this sleeve/cloth assembly above a nylon stocking that covered the arm with the hand of each volunteer protected by a glove. The arm with the sleeve/cloth assembly was inserted into a cage where approximately 500 female Ae.
aegypti mosquitoes (age 7 days) had been preselected as host-seeking using a draw box. Failure of the repellent treatment is predetermined to be 1% bite through, i.e. the volunteer receives 5 bites through the cloth over the sleeve window in the 1 minute assay (Tabanca et al. 2016 ).
Repellency was determined as the MED, which is the minimum threshold surface concentration necessary to prevent mosquitoes from biting through the treated surface. The MED data are reported as the mean (±SE) of all subjects for each compound. Each subject received all treatments; therefore, each subject acted statistically as his or her own control. There were three human volunteers in this study and all three provided written informed consent to participate in this study as part of a protocol (-)-Linalool was tested in acetone solutions, and therefore paired with acetone on the extreme the right of the plot.
